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Abstract 
renewable energy development plan. This plan aims to increase domestic energy use from renewable sources to replace fossil fuel 
imports. The study simulated specific policies contained in the plan. Among other things, we found that promoting biofuel use causes a 
rapid increase in the price of biofuel and biofuel feedstock in the short run, whereas these prices only increase slightly in the long run due 
to more elastic supplies. Furthermore, the prices of food including other products marginally increase, implying that food security is not 
undermined by the policy. On the basis of the findings, the study recommends review of some of the targets because they were found to 
be too high, and a phasing in of others. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the International 
Energy Foundation 
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1. Introduction 
The government of Thailand, through its 15-year renewable energy development plan (2008-2022)[1], plans to increase 
domestic alternative energy use to replace fossil fuel imports. To reach the targets that have been adopted, there would be a 
need to increase electricity from biomass and other renewable sources. In this paper, we analyze various scenarios 
representing various aspects of the plan and discuss the implications for policy. 
The paper is organized as follows. Section 2 describes the simulation scenarios analysed, while section 3 presents the 
results and discussion. This includes the short-run and long-run macroeconomic impacts, as well as the short-run and long-
run sectoral impacts. The paper concludes with the summary and policy implications.  
2. Simulation Scenarios 
This study assesses the feasibility and impacts of the -year renewable energy development plan, 
focusing only on strategies related to bio-liquid fuel policies. According to Table 1, to achieve the targets, ethanol use must 
increase by 223 percent from 339 million liters in 2008 to 1,095 million liters by 2011. Also, biodiesel use must increase by 
144 percent from 448 million liters in 2008 to 1,095 million liters by 2011. In addition to the existing biofuel subsidy, the 
bio-liquid fuel promoting strategies likely to achieve the targets are shown in Table 4. 
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Table 1. Provisional strategies expected to be implemented by the Thai government 
 
Ethanol promoting strategies Biodiesel promoting strategies 
1. Discontinuing domestic gasoline-95 use 1. Replacing B2 with B3 (B5 is alternative) 
2. Discontinuing domestic gasoline-91 use 2. Replacing B2 with B4 (B5 is alternative) 
3. Promoting E20-gassohol-95 use 3. Replacing B2 with B5 (B5 becomes standard diesel) 
4. Introducing E85 as an alternative fuel 4. Introducing B10 as an alternative fuel 
    (B5 is standard diesel) 
 
Therefore, this study is limited to estimating the impacts of the integrated liquid bio-fuel promotion policy. The 
following scenarios were analyzed: a 100 percent decline in gasoline-95 and gasoline-91 use in all sectors except the 
petroleum refinery industries; and a 150 percent increase in biodiesel content in B2 (B2 to B5) and a 100 percent increase in 
biodiesel content in B5 (B5 to B10). 1 
Note that since 2008 the government has continuously allowed additional ethanol and biodiesel producers to enter the 
biofuel market. As of February 2010, there were 17 operational ethanol factories producing 2.75 million liters/day compared 
to 10 factories producing 1.55 million liters/day in December 2008[2].2 As a result, in our short-run scenario, we increased 
the capital stock of the cassava-based ethanol industry by 500 percent, while that of the molasses-based ethanol industry 
was increased by 38.7 percent. In addition, the capital stock of the biodiesel industry was increased by 53.8 percent due to 
the increase in the capacity of biodiesel production from 3.9 to 6.0 million liters/day in the same period.  
3. Simulation Results and Discussion 
This section presents and discusses the results for the short-run and long-run impacts of the integrated liquid bio-fuel 
promotion policy. Due to space limitations, only the key results are presented. These are the macroeconomic impacts, 
impacts on sectoral output and the price impacts. Furthermore, in order to test the robustness of the findings to variations in 
the key elasticity parameters, a sensitivity analysis was conducted. 
3.1. Macroeconomic impacts 
soline use, 
enforcing B5 as standard diesel, and introducing B10 as an alternative has moderately negative impacts in the short-run. 
Real GDP contracts by 0.42 percent due to a 0.96 percent decline in real government consumption and a worsening balance 
of trade, even though there is a 1.22 percent increase in real household consumption (Table 2, column 1). Real imports grow 
by 0.21 percent, while real exports decline by 1.1 percent, arising from a 1.38 percent decline in real devaluation (i.e. the 
real exchange rate appreciates). Due to real wages being held constant, aggregate employment declines by 0.61 percent. 
Furthermore, revenue from fuel taxes substantially declines by 22,662 million baht due to the fact that fuel taxes from 
gasoline-95 and gasoline-91 are the main sources of tax revenue. However, there is a 0.41 percent increase in total 
(nominal) tax revenue partly due to a 1.54 percent increase in inflation.3 This is a major reason for the decline in real 
government consumption, even though its nominal tax revenue increases. 
 
Table 2: Results for macroeconomic impacts of promoting bio-liquid fuel policies 
 
Impacts Short-run Long-run 
Real GDP -0.42 -0.14 
Real household consumption 1.22 -1.53 
Consumer price index (CPI) 1.54 0.10 
Real government expenditure -0.96 -0.82 
Aggregate investment 0.00 2.29 
Import volume index 0.21 0.11 
 
1 This simulation means that the B5 industry becomes the B10 producer, and the B2 industry becomes the B5 producer instead. 
2  From December 2008 to February 2010 (1.2 years) the molasses-base ethanol production capacity increased continuously from 1.42 to 1.97 million 
liters/day, while the cassava-base ethanol production capacity rose from 0.13 to 0.78 million liters/day. Since short-run period is about 2 years, the figure 
1.2 years is roughly referred to the first half of the short run period which is spent to install new capital; and it in turn is utilized in the second half.  
3 Basically, when the CPI increases, government revenue can benefit from increase in the value-added tax. 
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Export volume index -1.08 0.34 
Real devaluation -1.38 0.02 
Aggregate employment -0.61 0.00 
Real wage 0.00 -0.32 
Total tax revenue 0.41 -0.88 
Change in net fuel taxes 
 (million baht) -20,133 -22,830 
 
Our results indicate that in the long-run, the economy recovers somewhat from the worse impacts observed in the short-
run scenario. Real GDP declines by only 0.14 percent (compared to 0.42 percent decrease in the short-run) due to the fact 
that aggregate investment increases by 2.3 percent and the balance of trade is improves due to a 0.02 percent depreciation of 
the real exchange rate (Table 2, column 2). 
In the long-run, the rate of inflation is much lower than in the short-run due to a 1.5 percent decline in real household 
consumption and a 0.82 percent decline in government consumption. The decline is government consumption driven by 
0.88 percent reduction in total tax revenue arising from a 22,830 million baht drop in fuel tax revenue. With aggregate 
employment held constant, the average real wage declines by 0.32 percent, which explains the fall in real household 
consumption. 
3.2 Sectoral impacts - short-run 
The integrated policy of promoting biofuel use has considerable impacts at the sectoral level in the short-run. For example, 
mostly due to discontinuing gasoline use, gasohol-91 use rockets by 449 percent and gasohol-95 use increases by 13 
percent, leading to a 126 percent increase in ethanol output (Table 3). Cassava-based ethanol production expands by over 
five times, ethanol output from molasses (including sugarcane juice) increases by 58 percent. Consequently, cassava output 
increases by 4.5 percent, while the output of molasses grows by 3.1 percent. 
 
Table 3: Results for sectoral impacts of promoting bio-liquid fuel policies on outputs and prices 
 
Impacts 
Output Price 
Short-run Long-run Short-run Long-run 
Cassava 4.49 15.41 4.36 -0.08 
Sugar cane 0.19 -0.20 1.38 -0.09 
Oil palm 4.81 21.39 23.32 -0.07 
Other crops -0.33 -0.52 -0.12 -0.04 
Molasses 3.12 -0.20 28.63 -0.09 
Gasoline-91 1.96 0.63 11.76 5.61 
Gasoline-95 -2.70 -2.60 -7.30 -7.28 
Diesel -1.80 -1.16 -3.82 -1.69 
Gasohol-91 449 439 13.16 5.11 
Gasohol-95 13.33 11.06 13.14 5.12 
B2 (then B5) 1.16 0.97 7.27 -0.62 
B5 (then B10) -15.24 -0.50 17.95 0.12 
Palm oil 5.28 21.90 16.54 -0.05 
Tapioca products -0.80 7.34 2.61 -0.08 
Biodiesel 118 130 151 -0.05 
Ethanol 126 133 27.84 -0.08 
 - Cassava-Ethanol  538 951   
 - Molasses- Ethanol 58.37 0.09   
Food Manufacturing -0.58 -0.13 0.34 -0.12 
Road Transportation -0.95 0.30 1.95 -0.19 
6   Suthin Wianwiwat and John Asafu-Adjaye /  Procedia Engineering  49 ( 2012 )  3 – 9 
Private Transportation -0.14 -2.77 5.79 1.74 
Official Use Transport -1.44 -1.00 6.24 1.78 
 
Due to a higher demand for ethanol, the price of ethanol increases by 28 percent, leading to a 13 percent increase in the 
prices of gasohol which is mainly use by private car owners and official use transportation. As a result, the cost of private 
increases by approximately 5.8 percent, leading to a 0.14 percent decline in the use of private cars. 
There is a higher demand for gasoline-91 (including basic gasoline) in gasohol production. As a consequence, the price 
of gasoline-91 increases by 11.8 percent, while the price of gasoline-95 declines by 7.3 percent due to a sharp fall in 
domestic demand for this fuel (note that only the petroleum refinery industry continues to use it). Furthermore, an increase 
in ethanol use leads to an increase in the prices of molasses (29 percent), cassava (4.4 percent), and tapioca products (2.6 
percent).  
Due to enforcing B5 as a standard diesel fuel and introducing B10 as an alternative, biodiesel use increases by 118 
percent, leading to a 4.8 percent increase in oil palm output. In addition, due to a shortage of biodiesel the price of biodiesel 
soars by 1.5 times. Consequently, the price of B10 increases by about 18 percent, while there is a smaller increase in the 
price of B5 (7.3 percent) due to the fact that the biodiesel content in B5 is less than in B10. As a result, B10 as an alternative 
diesel is consumed 15 percent less compared to B5 as an alternative diesel. In contrast, B5 as the standard diesel fuel is used 
1.2 percent more compared to B2 as the standard diesel fuel due to a price substitution effect. Furthermore, since mixed 
biodiesel is a main input of road transportation services, the cost of road transportation increases by 2 percent, leading to a 1 
percent decline in road transportation services. In addition, the cost of official use transportation increases by 6.2 percent 
due to an increase in the prices of gasohol and mixed biodiesel, leading to a 1.44 percent decline in official use 
transportation. 
  Overall, the integrated bio-liquid fuel promotion policy has only minimal adverse impacts on the food sector in the 
short-rum. Our results indicate that food manufacturing declines by 0.58 percent, while the price of manufactured food 
increases by 0.34 percent. In addition, cultivated land in other crop production is re-allocated to cassava and sugar cane 
production. Consequently, land use in cassava production expands by 8.1 percent, while land use in sugar cane production 
increases by 1.3 percent (Table 4). 
 
Table 4. Results for sectoral impacts of promoting bio-liquid fuel policies on land allocation 
 
    Impacts Short-run Long-run 
Cassava 8.09 15.29 
Sugar cane 1.33 -0.32 
Oil palm 0.00 21.27 
Other crops -0.13 -0.60 
3.3 Sectoral impacts - long-run 
The long-run impacts on the sectoral outputs are mostly in the same direction as in the short-run scenario for most of the 
industries. For instance, the policy of discontinuing gasoline use causes gasohol-91 use to increase by 439 percent and 
gasohol-95 use to increase by 11 percent, resulting in a 133 percent increase in ethanol output (Table 3). The cassava-based 
ethanol production expands by over 9.5 times which is much larger than the result in the short-run scenario, while ethanol 
output from molasses increases by 0.1 percent which is much smaller than the result in the short-run scenario. This implies 
that in the long-run, molasses-ethanol loses its competitiveness to cassava-based ethanol. As a consequence, output of 
cassava and tapioca increase, by 15 and 7.3 percent, respectively, while the output of molasses declines by 0.2 percent 
(Table 4). 
In contrast to the short-run scenario, the price effects in the long-run scenario are mostly downwards, although they are 
of small magnitudes. For example, despite a huge demand for ethanol, the price of ethanol declines by 0.08 percent (Table 
4). This is because in the long-run, farmers can allocate land effectively and all producers can adjust their capital stocks in 
response to a change in prices. Consequently, price rises for gasohol (5.1 percent) are relatively smaller compared to the 
results in the short-run. As a result, the price of private transportation increases by 1.7 percent (compared to 5.8 percent in 
the short-run). The increase in the cost of private transportation, combined with the decline in household consumption, leads 
to a 2.8 percent decline in the use of private cars, while official use transportation declines by 1 percent due to a 1.8 percent 
increase in the cost of official use transportation. 
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The biodiesel use promotion policy results in a 130 percent increase in biodiesel output leading to a 21.9 percent 
increase in palm oil production and a 21.4 percent increase in oil palm output. These results are much larger compared to 
those for the short-run. This is because in the long-run farmers have enough time (more than five years) to expand oil palm 
production to feed palm oil factories. As a result, prices of biodiesel (0.05 percent decline), palm oil (0.05 percent decline), 
oil palm (0.07 percent decline), B5 (0.62 percent decline), and B10 (0.12 percent increase) are cheaper than was the case in 
the short-run (Table 4). Consequently, the cost of road transportation services decline by 0.19 percent, resulting in a 0.3 
percent increase in road transportation use. 
Our results indicate that in the long-run the negative impacts on the food sector are much less than in the short-run. For 
instance, both the price and the output of manufactured food declines by 0.1 percent (Table 4). In addition, cultivated land in 
production of sugar cane and other crops is re-allocated to cassava and oil palm production. Land use in cassava production 
expands by 15 percent, while land use in oil palm production increases by 21 percent (Table 5). 
These results suggest that, due to the potential short-term adverse impacts on some sectors, it would be more prudent for 
the government to implement these measures in phases. For example, for the ethanol use promotion policy, discontinuing 
gasoline-95 could be implemented in year 1, 50 percent reduction of gasoline-91 use could be introduced in year 2, and 
discontinuing it in year 3. To replace B2 with B5, B3 should become standard diesel fuel in year 1, B4 should become 
standard diesel fuel in year 2, and B5 should become standard diesel fuel in year 3. To introduce B10 as an alternative diesel 
fuel, alternative B5 should be replaced with B6 in year 1, B6 with B7 in year 2, and so on, and  B10 with B9 in year 5. 
3.4 Sensitivity analysis 
In the sensitivity analysis, we doubled the values of the key elasticity parameters which are relevant to the experiment, i.e. 
the policy of promoting ethanol and biodiesel use (e.g., see [3]). These parameters are the elasticities of inter-fuel 
substitution, including substitution between cassava and tapioca products. In general, the results (see Table 2 and Appendix 
A) indicate that the macroeconomic variables are unlikely to be sensitive to variations in the elasticities of inter-fuel 
substitution. On the other hand, although the magnitudes of the sectoral outputs are slightly affected by uncertain values of 
elasticities of inter-fuel substitution, the directions of the changes are fairly robust (see Table 4 and Appendix A). 
4. Summary and Policy Implications 
macroeconomic and sectoral impacts of implementing biofuel- -
year renewable energy development plan. The series of bio-liquid fuel promotion strategies investigated were discontinuing 
gasoline-95 and gasoline-91 use, replacing B2 with B5 (enforcing B5 as a standard diesel) and introducing B10 as an 
alternative diesel. The study also analysed the feasibility of the targets set under the plan.  
The selected bio-liquid fuel promotion strategies were treated as an integrated package and the simulations were 
conducted for both the short and long-run. The study results indicate that, in general, the integrated bio-liquid fuel 
promoting policy has an adverse impact on real output in the short-run, leading to a decline in aggregate employment. 
However, in the long-run, the adverse impact on real GDP is reversed via an increase in aggregate investment resulting from 
an increase in domestic saving, an improvement in the trade balance, and a general increase in sectoral output. An important 
finding of the study is that, in the long run, the policy of promoting biofuel use is unlikely to jeopardise food security as the 
price of manufactured food increases only marginally. Thus, the key conclusion is that development of biofuels in Thailand 
dangering food security. 
causes an increase in ethanol use of 126 percent in the short-run and 133 percent in the long-run. This indicates that a policy 
based solely on discontinuing gasoline-95 and gasoline-91 use is not adequate to achieve the target. However, discontinuing 
gasoline-91 use should be implemented after discontinuing gasoline-95 use. The government might reduce its target or 
provide more ethanol promotion strategies such as promoting E20 and E85 use and an increase in the gasohol subsidy. 
Nevertheless, the government might not have the budgetary capacity to support ethanol promotion since the results of this 
study show that implementing the policy causes a huge decrease in fuel tax revenue given that fuel taxes on gasoline-95 and 
gasoline-91 are major sources of the total tax revenue. In addition, in the long-run, molasses-based ethanol production is 
limited by supply of molasses and sugar cane juice. Our results indicate that cassava-based ethanol production will be the 
major beneficiaries of the policy. 
The study has shown that the integrated policy provides an increase in biodiesel use of 118 percent in the short-run and 
130 percent in the long-run. This policy is likely to achieve the biodiesel target in which biodiesel use must increase by 144 
percent by 2011.  
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However, the projected achievement time might be delayed. This is because it would be desirable to phase the 
implementation of enforcing B5 as a standard diesel fuel over 3 years (or more) and introducing B10 as an alternative over 5 
years (or more) since in the long-run scenario the biodiesel price is much lower. A consequence of not taking this approach 
is that the price of biodiesel could be too costly in the short-run, resulting in a marked increase in mixed-biodiesel prices, 
which will adversely affect the transportation sectors who are the main mixed-biodiesel users.  
The model developed in this study provides some u -
liquid promotion policy. Further work will concentrate on updating the database to include new biofuel sectors such as E20, 
E85, jatropha curcas-based biodiesel, and cellulosic ethanol. Further work will also be done on the econometric estimation 
of some of the behavioural parameters used in the model. Finally, it would be useful to incorporate carbon emissions in 
future work, given concerns over climate change and the need to consider how Thailand could benefit from carbon credits. 
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Appendix A. Sensitivity Analysis of the Bio-liquid Fuel Promotion Policy  
 
Impacts Short-run Long-run 
Macroeconomic variables:   
Real GDP -0.39 -0.16 
Real household consumption 0.97 -1.52 
Consumer price index (CPI) 1.28 0.07 
Real government expenditure -0.94 -0.82 
Aggregate investment 0.00 2.22 
Import volume index 0.15 0.06 
Export volume index -0.91 0.28 
Real devaluation -1.14 0.03 
Aggregate employment -0.53 0.00 
Real wage 0.00 -0.33 
Total tax revenue -0.06 -0.92 
Change in net fuel taxes 
 (million baht) -20,367 22,733 
Sectoral output:   
Cassava 4.50 15.22 
Sugar cane 0.23 -0.23 
Oil palm 4.75 21.33 
Other crops -0.27 -0.52 
Molasses 3.08 -0.24 
Gasoline-91 1.14 0.08 
Gasoline-95 -2.90 -2.81 
Diesel -1.90 -1.30 
Gasohol-91 442 434 
Gasohol-95 12.86 11.26 
B2 (then B5) 3.18 1.33 
B5 (then B10) -21.76 -1.43 
Palm oil 5.19 21.83 
Tapioca products -0.64 7.23 
Biodiesel 115 130 
Ethanol 124 132 
 - Cassava-Ethanol  534 941 
 - Molasses- Ethanol 57.41 -0.01 
Food Manufacturing -0.48 -0.18 
Road Transportation -0.69 0.16 
Private Transportation -0.03 -2.61 
Official Use Transportation -1.31 -0.96 
 
